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SUCH 



A fingerprint sensing device 
comprises an array of sense elements (12) 
which each include a sense electrode (33) 
providing in combination with an overlying 
fingerprint part a capacitance (35), and 
first and second diode devices (30 31) 
connected respectively between the 'sense 
electrode and associated ones (18, 20) of 
first and second sets (e.g. row and column) 
address conductors. An address circuit (22 
24) connected to the address conductors' 
biases the diode devices in a respective 
address period such that a potential is 
applied via the first address conductor 
and the first diode device to the sense 
electrode and thereafter stored charge 
indicative of the capacitance, is transferred 
via the second diode device to the second 
address conductor. The device offers fast 
reliable, scanning and can conveniently be 
implemented using thin film technology for 
low cost and compactness. 
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DESCRIPTION 

FINGERPRINT SENSING DEVICES AND SYSTEMS 
INCORPORATING SUCH 



The present invention relates to a fingerprint sensing device comprising 
an array of capacitive sense elements which each include a sense electrode 
for provding, in combination with an individual portion of an overlying finger a 
capaatance, and addressing means connected to the sense elements through 
first and second sets of address conductors for addressing the sense e ,ements 
and providing outputs indicative of the capacitances of the sense etements 
The .nvention relates also to a fingerprint recognition system incorporating such 
a device. 

In a known fingerprint sensing device of the above kind, as described in 
US-A-5 325 442, the sense elements are arranged in rows and columns and 
connected to a peripheral addressing circuit via sets of row and column 
address conductors. Each sense element includes a thin film transistor TFT 
whose drain electrode is connected to the sense electrode and whose gaie and 
source electrode are connected to a row and a column address conductor 
respective All sense elements in a respective row share the same row 
conductor while a., sense elements in a respective coiumn share the same 
column address conductor. The sense electrodes are covered with dielectric 
material and together with individual fingerprint portions placed over the 
d.e.ectric material constitute capacitors. A gating (selection) signal is applied 
to each row conductor by the addressing circuit in a respective row address 
penod to turn on the TFTs of the sense elements of each row in sequence so 
that a predetermined potential present on the column address conductors is 
appl-ed to the sense e.ectrodes to charge the capacitors. The individua. 
capactances of these capacitors, dependent on the spacing of the fingerprint 
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portions from the sense electrodes as determined by the presence of a ridge 
of a trough of the fingerprint, are measured by sensing the current which flows 
in the column conductors during their charging. At the end of a row address 
period, the TFTs at the row turn off and the next row of sense elements is 
addressed by the application of a gating signal to the following row conductor. 
Each row of sense elements is addressed in this manner in turn and the 
variation in sensed capacitances produced over the array of sense elements 
by a fingerprint ridge pattern provides an electronic image or representation of 
the three dimensional form of the fingerprint surface. For consecutive readings 
of capacitance images, in successive field scan operations, the charge on the 
sense electrodes is removed, or at least reduced, before the sense elements 
are addressed again. This is achieved either by incorporating a resistor in 
each sense element which is connected between the sense electrode and 
ground, by changing the predetermined voltage applied to column conductors 
in successive read cycles, or by arranging the addressing circuit to include an 
intermediate reset cycle between successive read cycles. The provision of a 
resistor, for example using a doped semiconductor material, is difficult and 
complicates fabrication of the sense element array, while the other two 
approaches cause complications to the addressing circuit. 

There is currently much interest in fingerprint sensing devices and the 
use of thin film, large area, technology enables compact devices to be 
produced at a relatively low-cost compared with conventional optical sensing 
devices. Although the device of US-A-5325442 has an advantage in this 
respect, there is a need to reduce the cost still further while maintaining, or 
improving, performance. 

It is an object of the present invention to provide an improved fingerprint 
sensing device. 

According to one aspect of the present invention, a fingerprint sensing 
device of the kind described in the opening paragraph is characterised in that 
each sense element has a first diode device connected between an address 
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conductor of the first set and the sense electrode through which an electrical 
potential supplied to that address conductor by the addressing means is 
apphed to the sense electrode and a second diode device connected between 
the sense electrode and an address conductor of the second set through which 
a charge stored via the capacitance of the sense element is fed to the address 
conductor of the second set. By virtue particularly of the use of diode devices 
and the charging of the sense elements capacitances via the first set of 
address conductors, the invention offers a number of advantages. 

In thin film technology, the diode devices can comprise pin diodes Such 
d.odes are generally simpler to fabricate than TFTs as fewer mask steps are 
required and therefore the fingerprint sensing device can be produced at lower 
cost, and possibly more reliably, than one using TFTs. Although two diodes 
are required for each sense element this does not unduly complicate fabrication 
of the array. The use of such diodes also means that lower drive voltages 
would be required, thereby enabling low cost CMOS drive circuits to be 
employed and resulting in lower power consumption. Moreover, there will be 
less capacitive couplings from the address conductors of the first set to the 
address conductors of the second set due to the lowering of the drive voltage 
swings and, importantly, lower leakage currents present than is the case when 
TFTs are used. Other forms of diode devices, such as Schottky diodes or pn 
d.odes could be used. It is envisaged also that diode connected TFTs could 

perhaps be used as the diode devices although then the advantages would be 
fewer. 

Operation of the two diodes to charge up the sense element's 
capacitance and to read-out the stored charge respectively can conveniently 
be accomplished by the addressing means biassing the diode devices in 
appropriate manner. 

The addressing means may be arranged to control the biassing of the 
two diode devices, of a sense element, via its associated first and second 
address conductors, such that they are rendered conductive in succession. 
The addressing means can be arranged in a relatively simple and convenient 
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manner to apply control signals to the first and second address conductors 
associated with a sensing element appropriately to operate the two diode 
devices in succession in an address period for the sense element so that, 
firstly, the first diode device is forward biassed, resulting in a potential, 
determined by the voltage level on the address conductor of the first set, being 
applied to the sense electrode and charging the capacitor, with the amount of 
charge stored dependent on whether a fingerprint ridge or a valley overlies the 
sense electrode at the time, and thereafter the second diode device is forward 
biassed so that charge stored on the sense electrode is transferred, via that 
diode, to the address conductor of the second set where it can be detected. 
Preferably, however, the addressing means is arranged to render the first and 
second diode devices of a sense element conductive at the same time in a first 
part of an address period for the sense element so as to set the voltage at the 
sense electrode at a predetermined level, and to turn off the first diode device 
in a latter part of the address period so that charge stored on the sense 
electrode is transferred to the address conductor of the second set via the 

second diode device. 

Fast and reliable read-outs from the array are possible with both these 
operating schemes. There is no need to remove the charge stored on a sense 
element capacitance in a separate operation, as in the known device. The 
control signals required for operating the sense elements can be of very simple 
form, and an uncomplicated drive circuit, capable of fast operation, can be 
used. The latter scheme offers the possibility of improved performance and 
simpler implementation. 

Preferably, the sets of first and second address conductors comprise 
sets of row and column conductors respectively and the sense elements are 
arranged in rows and columns with the first diode devices of each sense 
element in a row being connected to a respective row conductor and the 
second diode devices of each sense element in a column being connected to 
a respective column conductor. In this case, the addressing means may 
conveniently be arranged to apply in respective row address periods selection 
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address signals to each of the row conductors in sequence so as to select the 
rows of sense elements in turn, and to apply control signals to the column 
conductors during each row address period so as to bias appropriately the 
diode devices of the sense elements in the selected row. 

Although charge stored in the sense element capacitances is transferred 
to the column conductors upon operation of the second diode devices for read- 
out, it is possible that a small amount of charge might remain after read-out 
because the sense element capacitances may not be allowed to completely 
discharge during the read-out period as a consequence of the non-linear 
forward resistance of the diodes. Such residual charge could lead to a vertical 
cross-talk problem when reading-out subsequent sense elements in the same 
column. Preferably, therefore, the addressing means is arranged to reset the 
sense elements in a latter part of their address period by applying a reset bias 
signal to the column conductors to completely discharge the sense elements' 
capacitances after read-out. 

In EP-A-0397244, there is described a touch input sensing array system 
for use with a stylus or finger which includes row and column array of touch 
sensor elements, together with sets of row and column address conductors 
formed by thin film device technology on an insulating substrate. With 
appropriately selected sensor element size and pitch the array could be utilised 
for fingerprint sensing purposes. In this system, however, each sensor element 
comprises a fixed capacitor, a switch device in the form of a TFT or diode 
through whose operation a potential is supplied to the capacitor to charge up 
the capacitor at regular intervals, and a contact pad which, when touched by 
a finger or stylus discharges the capacitor, such discharge being detected when 
the capacitor is charged up again in a subsequent field period so as to provide 
an indication of sensor elements touched in the preceding field. 

The sensing element array could be fabricated using integrated circuit 
single crystal semiconductor technology, using for example a silicon wafer. 
Preferably, however, it is fabricated using thin film technology similar to that 
used for the production of other active matrix arrays such as those used in 



WO 98/49691 



6 



PCT/IB98/00407 



LCDs. This involves the deposition and definition by photolithographic 
patterning processes of a number of layers on a common insulating substrate. 
The diode devices, preferably comprising pin structures, may be formed from 
amorphous or polycrystalline silicon, deposited on an insulating substrate of 
glass or plastics material and the sets of address conductors may be formed 
from deposited conductive material. Such technology conveniently allows a 
single, large area, substrate to be used upon which a large number of arrays 
are fabricated simultaneously and which can then subsequently be cut into 
portions, each portion comprising an individual sensing element array. This 
approach results in further, significant reduction in manufacturing expense. 

According to another aspect of the present invention there is provided 
a fingerprint recognition system comprising a sensing device in accordance with 
the one aspect of the invention, means responsive to the outputs from the 
addressing means of the device to provide characteristical data of a sensed 
fingerprint, and means for comparing said characteristical data with stored 
characteristical data for one or more fingerprints. 

Embodiments of fingerprint sensing devices, and a fingerprint recognition 
system incorporating such, in accordance with the invention will now be 
described, by way of example, with reference to the accompanying drawings, 
in which:- 

Figure 1 is a simplified, schematic diagram of an embodiment of the 
sensing device showing an array of sense elements together with associated 
addressing circuitry; 

Figure 2 shows schematically the equivalent circuit of a typical group of 
sense elements in one column of the array of the device of Figure 1; 

Figure 3 is a schematic cross-sectional view through a part of the 
sensing device illustrating the manner of its operation; 

Figure 4 illustrates typical drive waveforms used in a first drive scheme 
for operating the device; 

Figure 5 illustrates a modification to the sense element array; 
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Figure 6 illustrates typical drive waveforms in a second drive scheme for 
operating the device; 

Figure 7A and 7B show schematically the arrangements of two typical 
sense elements in two further embodiments of the sensing device; and 

Figure 8 illustrates in simple block diagram form a fingerprint recognition 
system using the sensing device. 

It is to be understood that the Figures are merely schematic and are not 
drawn to scale. Certain dimensions may have been exaggerated while others 
have been reduced. The same reference numbers are used throughout the 
Figures to indicate the same, or similar, parts. 

Referring to Figure 1. the fingerprint sensing device comprises an active 
matrix addressed sensing pad 10 having an X-Y array of regularly-spaced 
sense elements 12, consisting of r rows (I to r) each with c sense elements 
which are operable to scan a fingerprint. Only a few rows and columns are 
shown for simplicity. In practice there may be around 512 rows and 512 
columns of sense elements occupying an area of approximately 2.5 cms by 
2.5cms. 

The array of sense elements 12 is addressed by addressing means 
comprising a row drive circuit 22 and a sense circuit 24 via sets of regularly- 
spaced row (selection) address conductors 18 and column (sensing) address 
conductors 20 connected at their ends the circuits 22 and 24 respectively with 
.ndividual sense elements being located at respective intersections of the two 
sets of conductors. All sense elements in the same row are connected to a 
respective one of row conductors 18 and all sense elements in the same 
column are connected to a respective, common, column conductor 20. 

Figure 2 illustrates the circuit configuration of a typical group of three 
successive sense elements from the same column. Each sense element 12 
consists of a pair of two-terminal, unidirectional, non-linear switching devices 
in the form of diodes 30 and 31 and a sense electrode 33. The first diode 30 
is connected between the row conductor 18 and the sense electrode 33 and the 
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second diode 31 is connected between the sense electrode 33 and the column 
conductor 20. As shown in Figure 2, the diodes 30 and 31 are effectively 
connected front to back in series between the associated row and column 
conductors 18 and 20 with the sense electrode connected to the node between 
the two diodes. The sense elements 12 and address conductors 18 and 20 of 
the pad 10 are fabricated using standard thin film technology as used, for 
example, in other active matrix array applications such as active matrix LC 
display devices and as such it is not thought necessary to describe here the 
manner of fabrication in detail. Briefly, it involves the deposition and patterning, 
by photolithographic definition processes, of a number of layers on an 
insulating substrate. The electrodes 33 and sets of address conductors 18 and 
20 can be formed from deposited metal and the diodes 30 and 31 are 
preferably formed as amorphous silicon or polycrystalline silicon p-i-n 
structures. The insulating substrate may be of glass, polymer, or quartz. 

An example of one form of array construction is shown schematically 
and simplified in Figure 3 which is a cross-section through a representative part 
of the pad 10 comprising three complete sense electrodes 33. The diodes 30 
and 31, not visible in this section, are formed on an insulating substrate 15 
from a deposited layer of amorphous or polycrystalline silicon material, suitably 
doped to provide the p-i-n structure, preferably with the n layer being closest 
to the substrate. The array of sense electrodes 33, comprising regularly 
spaced, and equally sized, rectangular conductive pads, and the set of address 
conductors 20 extending therebetween are defined from a common deposited 
metal layer. Extensions of the electrodes 33 respectively form bottom contacts 
for the diodes. Insulating material is provided between the conductors 18 and 
20 at the regions where they cross-over and around the diodes 30 and 31. 
The set of row conductors 18, not visible in Figure 3, is formed from a 
deposited metal layer with each row conductor extending between adjacent 
rows of sense electrodes 33 and having integral extensions spaced along its 
length, which serve as a top contact for the diode 30. Portions of this metal 
layer are also used to form the top contact of the diode 31 and its connection 
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to the sense electrode 33 and bottom contact of the diode 30. To complete 
the structure a dielectric film 25, for example of silicon nitride or polyimide is 
deposed completely over the structure on the substrate 30 to provide a 
confnuous sensing surface 26 spaced a predetermined distance from and 
substantially parallel to, the substrate surface. 

The physical dimensions and mutual spacings of the sense electrodes 
33, and consequently the sense elements, are chosen in accordance with the 
resolution characteristics required for fingerprint sensing. By way of example 
the sense electrodes may have a pitch of around 50 to 100 micrometres in both 
the row and column directions. The thickness of the insulating film 25 is 
selected taking into account the value of the relative permittivity of the 
msulating materia, and the area of the sense electrode. For example, a relative 
permittivity of approximately 6, and a film thickness around 0.1 micrometres 
may be used with a sense electrode around 50 x 50 micrometres. 

In operation of this sensing device, a finger whose print is to be scanned 
•s placed on the sensing surface 26. Actual, or close, physical contact with the 
surface 26 then occurs at the ridges of the fingerprint, as illustrated in Figure 
3 where one ridge 36 of part of the finger surface 37 is depicted. Troughs in 
the fingerprint profile are spaced from the surface 26 by a considerably greater 
d.stance. The ridged finger surface is therefore spaced from the array of 
electrodes 33 by a minimum distance determined by the thickness of the thin 
d.electr,c film 25. Each sense electrode 33 and the respective overlying portion 
of the finger surface form opposing plates of a capacitor 35, as depicted by 
dotted Ones in Figure 3, with the upper plate being constituted by the finger 
surface portion, and effectively at an ac ground potential, and with the film 25 
together wrth any air gap present between a local finger surface portion and the 
sens.ng surface 26, providing the capacitor dielectric. The capacitances of 
these .ndividual capacitors vary as a function of the spacing, d. between the 
finger surface and the sensing surface 26, with larger capacitances occurring 
where the fingerprint ridges are in contact with surface 26. The variation in 
capactances produced over the array of sense elements 12 of the pad 10 by 
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a fingerprint ridge pattern thus constitutes in effect an electronic "image" of the 
three dimensional form of the fingerprint surface. These capacitances are 
sensed and an output provided indicative of the variation, and hence the three- 
dimensional profile of the fingerprint. 

The diodes in each element are used to charge and discharge the 
capacitance formed between the finger portion and the sense electrode. By 
measuring the amount of charge supplied to the capacitance the value of the 
finger capacitance can be found. 

Each sense element in the array is addressed through its associated 
row, selection, and column, sensing, conductors 18 and 20. The row drive 
circuit 22 provides a selection signal in the form of a voltage pulse to each row 
address conductor 18, one at a time in turn, and so each row conductor, 
starting at row 1, receives a selection signal in sequence, as depicted 
schematically in Figure 2. Each column conductor 20 is connected at its end 
to a charge-sensitive amplifier 40 in the sense circuit 24, one such amplifier 
being shown in Figure 2. The non-inverting input of each amplifier 40 is 
connected to a pulse generating circuit within the sense circuit 24 which allows 
the amplifier to drive the associated column conductor 20 to potential levels 
other than the virtual earth voltage. 

The potentials applied to a row conductor 18 and a column conductor 20 
by the circuits 22 and 24 are arranged to bias the diodes 30 and 31 of the 
sense element associated with the two address conductors appropriately to 
perform their required functions of charge inputting and charge read-out within 
a respective row address period. Various drive schemes can be used for this 
purpose. 

One drive scheme will now be described with reference to Figure 4 
which illustrates examples of the waveforms applied to two typical, successive, 
row conductors, n and n+1 , and a column conductor, C, and the relative timings 
for the control signals employed for this purpose. Also shown, at S, is the 
relative timing of the operation of the switch 41 controlling the mode of the 
charge-sensitive amplifier 40, 0 and 1 denoting open and closed respectively. 
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Row address periods are indicated at Tr. In this scheme, the two diodes of a 
sense element are biased by appropriate drive signals applied to the associated 
address conductors so as to be rendered conductive in succession during a 
respectrve address period, the diode 30 being rendered conductive first in order 
to charge the capacitance and thereafter the diode 31 being rendered 
conductive to read out the charge onto the column conductor. 

During an initial, charge input, part Ta of the row address period Tr for 
the first row, n. the diode 31 of the sense element 12 is reversed biased by the 
relat,vely high positive voltage signal + Vh applied to the column conductor 20 
v-a the amplifier 40. The amplifier switch 41 is closed during this part A 
posrfive voltage pulse signal + Vs is applied to the row conductor 18 by the row 
dnver circuit 22 which forward biases the diode 30 and the capacitance 35 
charges up. according to the spacing of the individual fingerprint portion^ 
overiyrng the sense electrode 33. The charge stored on the capacitance is 
therefore, representative of this spacing and indicative of whether the overlying 
fingerprint portion is a ridge or trough. At the end of the charge input period 
Ta the row conductor voltage goes negative. -Vo, to reverse bias and turn off 
the d,ode 30. Shortly after this, a read-out period. To. commences with the 
amplrfier switch 41 opening so that the amplifier 40 is configured as an 
integrator. During this period, a small negative voltage -Vm is applied to the 
pos,t,ve input of the amplifier 40 which forces the column conductor potential 
to - Vm. Th,s potential forward biases the diode 31 and so the capacitor 35 
Cscharges into the feedback capacitor of the amplrfier 40 via the co.umn 
conductor 20. During the latter part of this period To the co.umn conductor 
potential ,s once again returned to + Vh. followed shortly by the amplifier switch 
41 again being closed. 

Due to the non-linear forward resistance of the diode 31, the sensing 
element capacitance may not always completely finish discharging during the 
read-out period. If this happens, then when the succeeding sense element in 
the same column is being addressed in the next row address period the - Vm 
potential applied to the column conductor in the read-out period for the next 
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row of sense elements could slightly forward bias the diode 31 in the preceding 
sense element so that the amplifier 40 not only detects charge from the 
intended sense element but also a residual charging current from the sense 
element in the preceding row. The effect of this vertical cross-talk can be a 
downward smearing of the electronic fingerprint image produced. Because of 
this possibility, each row address period Tr in this particular example further 
includes towards its end a reset period, Td, which follows the read-out period 
To. During this reset period the column conductor 20 is taken to a voltage - V L 
lower than the voltage Vm used for read-out which further discharges the 
capacitor 35 so that the diode 31 cannot be (partially) turned on when 
subsequent sensing elements in the same column are being read out. 

All the sense elements 12 in the same row are addressed simultaneously 
in this manner in a respective row address period with their individual read outs 
being produced by the amplifiers 40 associated with their respective column 
conductors 20. Following this, the next row of sense elements is addressed in 
a subsequent row address period Tr (n+1) and so on for all the rows of sensing 
elements in the array. Thus, the fingerprint is scanned by the sequential 
addressing of the rows and a complete image of the capacitor characteristics 
is built up following the addressing of all rows in one complete field period. 
Typically, each row address period, i.e. a line time, may be around 100 to 200 
micro-seconds in duration, enabling around 10 to 20 fields per second for 500 
rows. The individual, parallel, read-outs generated at the outputs 42 of the 
amplifiers 40 are converted in the circuit 24 to serial format and supplied to an 
output 50, for example by means of a switch arrangement controlled by a shift 
register as described in US-A-5325442, for each row in turn. 

Several readings of the capacitance image of a fingerprint can be taken 
in rapid successive over successive field periods, allowing an averaging 
operation to be performed for improving accuracy. 

In this particular scheme, then because the diodes 30 and 31 have a 
non-linear forward resistance incomplete charging and discharging of the 
capacitance 35 during the charge input and read-out periods may result so that 
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I* " m »* ^ 40 might not be directiy 

proposal ,„ the Bnger ^ effK( |s «* 

*- »e capacitence 35 Is no, a constant, bu, . ^ Tne £ 

40 * • *«*« Pf the capaCance 35 J £ 
Afterence between *. voltages a*oss , a, the star, and end of „. read-ou, 
peno and so „ amoun, o, charge detected by charge-se„si„ve ampilfier 
40 nay no, be proportional to ft. capacitance 35. The non-linean,y can be 

adding a fixed value capacitor in parallel with the capacitance 35 

amnlif " *"" **• °' "» ■•■"*» 0, ,he 

ampWers rase, swteh 41 is such « i t opens before the star. Che read-ou, 

pulse Vm and closes after «,e end o, that pulse which ensures that all o, the 
Charge from the sense element capacitance Is integrated, particularly as most 
of ,he current flowing through the capacitance occurs immediate,, atter me 
ead,„g edge o, the Vm pulse when the forward bias on the dlode 3, Is a. » 

edoe" thT' "" S **" TOanS ^ charge from me 

edge o, me Vm pulse is also Integrated and In pra«ice the magnitude of the 

«pac*ve^oup,ed *arga pu.es may he large enough ,o saturate me 

ampMer because the whole column is being pulsed and the capacitance from 

- sense elements in the column is conmbuting , 0 the capa*ely-co Up ,ed 
charge. M sn01m ,„ flgm ^ a ^ ^ ^ ^ ^ ^ 

Itc wT emen ' a °' C ° ndUC ' 0r ' 5 °' 10 ^ * * <°~on 
cap actor 51 connected a, me intersect between this row conductor and 

each column conductor 20. Cancellation of me coupled charge is achieved by 
applymg a positive compensation pulse. Vx. with the same timing as me Vm 
P*e ,n each row address period to me extra row with the vaiue of the 
compensation capacitor 51 and the heigh, of the compensation puise Vx being 
des,gned to cancel ,he charge that would be coupled into the charge-sensitive 
amplifier 40 by the Vm pulse being applied to me column. 

A second, and preferred, manner of operating me array is illustrated in 
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Figure 6 which shows schematically the waveform of a signal applied to a 
typical row conductor, n. by the row drive circuit 22, the voltage, Ve, at the 
junction between the two diodes 30 and 31 of a sense element, connected to 
that row conductor, and thus at the sense electrode 33, the operation, S, of the 
amplifier feed back switch 41, an example output voltage, Vo, from the 
amplifier 40, and the column conductor waveform Vc, including a reset signal, 
component Vr, applied via the positive terminal of the amplifier 40, all during 
a row address period Tr for a respective row of sense elements. The row of 
sense elements is selected, as before, by the row drive circuit 22 applying a 
positive pulse signal +Vs, for example around 6 volts, to the row conductor 18, 
in an initial part, Ta, of the row address period Tr. This turns both diodes 30 
and 31 on which then act as a voltage divider causing the voltage, Ve, on the 
sense electrode 33 to rise to a predetermined level, Vp, for example around 3 
volts, and charging of the capacitance 35. During this period Ta, the amplifier 
switch 41 is closed. The falling edge of the pulse signal +Vs turns off the diode 
30 and the capacitor 35 is then almost immediately discharged in the 
subsequent reading period Tb with the charge stored then passing onto the 
column conductor 20 through the diode 31 which remains on. In this period Tb 
the amplifier switch 41 is open and the charge supplied to the column 
conductor is integrated and a voltage output for example as shown at Vo is 
obtained from the amplifier 40. At the end of period Tb, the amplifier feedback 
switch 41 is again closed. During the next short period Tc following the closure 
of the switch 41 the voltage across the diode 31 continues to decrease but a 
small residual voltage, for example around 1 volt, could remain on the sense 
electrode 33, as shown in the waveform Ve, due to the fact that there is a 
voltage drop across the diode when it is on, and cause the diode 31 to stay on. 
To ensure, therefore, that the diode 31, and the corresponding diodes in the 
other sense elements in that row, are turned off before the next row is 
addressed and prevent a leakage current flowing in the column conductor when 
addressing the subsequent row, the voltage on the column conductor 20, 
which for the preceding periods Ta, Tb and Tc is at virtual earth, is in the final 
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part, Td, of the row address period puised negatively by appfying a negative 
voltage pulse signal Vr. e.g. -1 vo ,t, to the positive terminal of the amp.if.er 40 
so as to reverse bias the diode 31. As a result of this the residua, voltage on 
he sense electrode 33 is returned to zero. FoHowing the period Tp, therefore, 
bo h d,odes 30 and 31 are off and the capacitance of the sense element is 
•so ated from the column conductor 20. Each row of sense elements is 
addressed in this manner in turn in respective row address periods as 
prev.ously to scan the fingerprint in one field. 

With this addressing scheme, therefore, the two series - connected 
d.odes 30 and 31 are arranged to act as a potential divider which sets the 
voltage of the capacitance 35 at a predetermined level, corresponding to the 
voltage .eve. at the mid-point of this divider to which the sense e.ectrode 33 is 
connected. This results in rapid charging of the capacitance. Importantly the 
setting of the sense element's capacitance to a definite, fixed voltage 
el.minates the need for any compensation capacitors and parallel linearising 
capacitors. 

In both the above described schemes the voltage pulses applied to the 
column conductors 20 cou.d be provided by a separate circuit connected to the 
co.umn conductors, for example at their ends remote from the co.umn 
amplifiers 40, rather than via the amplifiers. 

Strips of conductive material may be provided directly on the upper 
surface of the insulating layer 25 of the device which extend over the spaces 
between adjacent rows or adjacent columns, or both, of the sense electrodes 
33, for example as lines or in a grid pattern, and which are grounded 
electrically to improve grounding of the individual finger portions, m another 
mediation, a matrix of discrete, electrically conductive pad electrodes may be 
Provided on the surface of the insulating layer, eac h overlying and 
corresponding in size and shape to a sense e.ectrode 33. to form the opposite 
Plates of the capacitors 35. Ridges of a fingerprint would then ground 
part,cular ones of these pad electrodes where they are in contact and the 
capaatance of the capacitors 35 is then determined only by the area of the 
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sense electrodes 33 and their opposing pad electrodes and the thickness of the 
intervening insulating layer 25 so that substantially identical, and more 
distinctive, capacitances are obtained at all ridge contact locations. Elsewhere, 
surface portions of the finger are spaced from their underlying pad electrodes 
and the capacitance values are dependent on this spacing as before. 

Various modifications to' the above - described embodiments are 
possible. For example, although diodes comprising pin devices are preferable, 
other kinds of diodes, such as pn or Schottky diodes, could be used. It is 
conceivable that diode connected TFTs, in which the gate and source terminals 
of a TFT are interconnected, could also be utilised. 

It will be appreciated that the directions of the two diodes 30 and 31 in 
a sense element could be reversed with the polarity of the drive signals 
employed inverted so that negative and positive signals are then applied to the 
row conductors and column conductors respectively rather than the positive and 
negative signals described previously. Using this principle, it is also possible 
to reduce the number of address conductors required. Figure 7A illustrates 
one possible alternative sense element lay-out which results in the number of 
row conductors needed being halved. In this Figure two adjacent sense 
elements 12 from the same column are shown connected to the same row 
conductor 18 and the same column conductor 20. The direction of the diodes 
in one sense element is opposite to that of the diodes in the other sense 
element. Using this approach, two adjacent rows of sense elements share the 
same row conductor 18. The array is driven by applying firstly positive 
selection pulse signals, as in the previously - described embodiments, to the 
row conductors in sequence so as to address even number rows of sense 
elements in the array in turn and then applying negative selection pulse signals 
to the row conductors, in sequence, so as to address all the odd number rows 
of sense elements. Alternatively, the polarity of the drive signals could be 
inverted after addressing each row so that all rows in the array are addressed 

3 one after the other in sequence. 

Figure 7B illustrates another possible sense element lay-out which 
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~* ,n .he number „, column conduce, ^ being habed . In m , ^ 
ad,acen, sense elements 12 ,„ ^ ^ share ^ ^ • 

selecfion signal and a native selecfion signal ,o the row conductor 

1m, "T e ' ementS 3 " ^ C °" ,n,nS maV addressed a « d — "1 
firstly Mowed then by .he sense elements in me odd columns 

in summer therefore, a fingerprint sensing device is provided 
an array of sense etements which eaoh inol.de a sense etectrode 
,„ common with an evening fingerpdn, parl . 1 
W and second diode devices connected naspeo^y between .he sense 
decode and assorted ones o, f,rs, and second sets (e.g. row and column, 

btrjd dT M ad * eSS *"* '° addreSS <— 

isT r? 3 reSPe * S addreSS Pen '° d such «« « P"— 

- app^ v,a *. fts, address conductor and the firs, diode device ,„ the sense 

eectrode and .hereafter s«ored charge, indicate o, the capacitance, is 
^nsferred v,a .he second diode de*e to me second address conductor. The 

uZh 7 faS '' reliab ' e ' ^ 

using th,n film technology for low cost and compactness. 

Figure 8 shows in schemafic block form a fingerprint recognition system 
•ncorpora.no the sensing device, here represented by the block 60 The 
system .ndudes means responsive to an output „ om the sensing circuit of the 
*«. to provide charactensfica, date o, a sensed fingerprint, and means C 
companng sa,d oharacteristical data with stored characteristics! data for one c, 
more fingerpnnts. The output obtained from the sensin g device is proved in 
form comparable to the video oufout provided by an ima g e sensor ,„ known 
op cal fingerpnn, sensing device, According,, and as wil, be apparent to 
*led persons, components of the system, other than the sensing device, can 
be generally of the kind employed in systems using opBca, sensing devices 
T e c a^ca, data. ,„ accordance with standard practice, may take the 
orm conformation regarding the orientation of ridge lines and relafive positions 
of m.nu„ae. that is fine ending and bifurcate of .he lines. The processing of 
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information obtained from the sensing device to produce and compare 
characteristic^ data can follow known schemes and techniques. Because the 
sensing device of the invention is capable of providing information of the three 
dimensional profile of a fingerprint improved accuracy of identification or 
verification can be obtained by making use of topological features in addition 
to the spatial positions of minutiae, although of course use may be made only 
of information in respect of the two-dimensional ridge patterns to simplify the 
processing necessary if less accuracy is acceptable. Briefly, the output from 
the device 60, suitably conditioned, is fed to an analysis circuit 61 which is 
programmed to detect characterising features of the fingerprint sensed such as 
the position of minutiae. Data from the circuit 61 is supplied to a computer 62 
which through standard algorithms compares the data with characteristical data 
of a plurality of fingerprints, or a single fingerprint depending on whether the 
system is used for identification or merely verification purposes, held in a 
storage device 63 and which provides an output in accordance with whether or 

not a match has been found. 

The circuit 61 can be programmed either to utilise the three dimensional 
information provided by the sensing device for high accuracy of recognition, or 
alternatively, with appropriate discrimination to select particular output signal 
values from the device 60, utilising specific information representative of the 
two dimensional ridge pattern in the nature of a binary image similar to that 
obtained from known optical sensing devices. 

From reading the present disclosure, other modifications will be 
apparent to persons skilled in the art. Such modifications may involve other 
features which are already known in the field of fingerprint sensing and 
component parts thereof and which may be used instead of or in addition to 
features already described herein. 
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1- A fingerprint sensing device comprising an array of capacitive 

—on with an individua, portion of an overling finger, a capacitance" 

sTri ^ ~ d t0 ^ ^ 6,ementS ™ ~»nd 

se s o address conductors for addressing the sense elements and providing 

tXr ative of the capadtances ° f the — ~ 

that each sense element has a first diode device connected between an 
a dress conductor of the first set and the sense electrode through whiTh 

SUPP "' ed t0 " 3ddreSS * - ~g means 

LZ en 1 ° T e,eCtr ° de ^ ' S6C0nd di ° de **» <™ 
between *e sense electrode and an address conductor of the second set 

t rough which a charge stored via the capacitance of the sense e.ement is 
to the address conductor of the second set 

lin^e ' Prln, Sen$in9 ^ aCCOr * 9 ,0 Claim characterised 
that toe addressing means is arranged to render the two dicde devices of a 

sense etomen, conduce in succession during an address period for the sense 
etemen so as to apply , n a M part of toe address period the potential to the 
»nse electrode via the f,rs, diode device and to transfer a charge stored on toe 
capacrtance ,n a subsequent par, o, the address period ,o the address 
conductor of the second se, via the second diode device. 

!„«,,! / Sn9erPrW SenSi " S *** a ° COndin9 10 Clalm 1 • Characterised 
•n ma, the addressing means is arranged to render the firs, and second diode 

dm. o, a sense element conductive a, the same time during a frrs, par, of 
an address period ,o, toe sense elemen, so as ,„ se, toe voltage a, toe sense 

2 Z ,, r P ' e<fetem,ined a "« " • Par, oftoe address period ,o 
r f, the fl ,s, diode device so tha, a charge stored on toe capacitance is 
transferred ,o toe address conductor oftoe second se, via toe second diode 
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device. 



3 



4. A fingerprint sensing device according to Claim 2 or Claim 3, 
characterised in that the addressing means is arranged to reverse bias the 
second diode device of the sense element via the address conductor of the 
second set at the end of the address period so as to isolate the sense element 
capacitance from the address conductor of the second set. 

5. A fingerprint sensing device according to any one of the preceding 
claims, characterised in that the first and second sets of address conductors 
comprise sets of row and column address conductors respectively and in that 
the sense elements are arranged in rows and columns with the first diode 
devices of each sense element in a row being connected to an associated one 
the row address conductors and the second diode devices of each sense 
element in a column being connected to an associated column address 
conductor. 

6. A fingerprint sensing device according to Claim 5, characterised 
in that the addressing means is arranged to address each row of sense 
elements in turn in a respective address period by applying a selection signal 
to a row address conductor in an initial part of the address period which 
renders at least the first diode devices of the two diode devices in the sense 
elements of that row conductive. 

7. A fingerprint sensing device according to Claim 5 or Claim 6, 
characterised in that adjacent pairs of rows of sense elements are connected 
to the same row address conductor with the direction of the diode devices of 
the sense elements in one of the rows being opposite to the direction of the 
diode devices of the sense elements in the other row. 

8. A fingerprint sensing device according to Claim 5 or Claim 6, 
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charactered in ,r,a, adjacent pairs of c*m„s of sense eiements are 
«™*d .0 me same ctumn add ress ^ wift , he 
d ode devices o, t „e sense etemen* in „„e of the columns ^ ^ 
•he direc™ o, the diode devices o, the sens, etements in the other c*mn 

dim. 9 k "'" 9 "" M SenSin9 *"** aCOOr<,in9 to an ' °" e °"» P^edino 
*m . cheractensed in ,„ a , first and SKOTd ^ of ^ 

and the sense eiectrodes and ,he diode devices of the sense elements o, the 
array compnse thin r„m secures earned on a common insu, aF ,„g substrate 

in ths, I"' „• - l "' gerPrinl Se " S '" 9 aKOr * 9 '° Claim 9 ' characterised 
■n .ha. me d,ode devices of the sense eiements compnse p-i-n diodes. 

11. A fingerprint recognition system comprising a f,„ g erpn n , sensing 
dev.ee ,n eceordance v* a „ v one of the preceding cams, means responsiv 
^ outpu* pro^ by tne address , no ^ .^.^ of ^ 

of me sense elements to provide charsctensed data o, a sensed fingerprint an d 
means for comparing said charactehsed date „im stored characteristic,, data 

tor one or more fingerprints. 
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FIG. 7B 




